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Title: "Isothermal reactor for exothermic or endothermic 
heterogeneous reactions" 

DESCRIPTION 

Field of application 

The present invention relates to an isothermal reactor for 
carrying out exothermic or endothermic heterogeneous 
reactions , comprising : 

a preferably vertical, outer shell of substantially 
cyl indrical shape ; 

- at least one catalytic bed provided in the shell and 
comprising opposed perforated side walls for the inlet of a 
flow comprising reactants and the outlet of a flow 
comprising reacted substances, respectively; and 

- at least one tube passing through said at least one 
catalytic bed for the passage of a cooling or heating 
fluid. 

In the following description and attached claims, with the 
term: "isothermal reactor", it is * intended to mean a 
reactor wherein the temperature within the catalytic bed(s) 
where the reaction takes place is maintained essentially 
constant, such reaction may be either exothermic or 
endothermic . 

Reactors of this kind may for example be employed in the 
synthesis of chemicals such as methanol or formaldehyde 
(strongly exothermic reactions) or styrene (strongly 
endothermic reactions) . 

As known, in the field of exothermic or endothermic 
heterogeneous synthesis, the need is more and more felt of 
realising isothermal reactors of high capacity that on one 

CONFIRMATION COPY 
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side are easy to manufacture, reliable and require low 
investment and maintenance costs, and on the other side 
allow to operate with low pressure drops, low energy 
consumption and with a high heat exchange efficiency 
between the reactants and the cooling or heating fluid. 

Prior art 

In order to comply with the above mentioned need, 
isothermal reactors have been proposed in the field, which 
are provided with a catalytic bed of radial type comprising 
a large number of vertical straight tubes within it for 
drawing off or supplying heat. 

For example, DE-A-3 318 098 discloses an isothermal reactor 
for carrying out exothermic or endothermic heterogeneous 
synthesises wherein the gaseous reactants pass through the 
catalytic bed radially and come in contact with a plurality 
of vertical tubes arranged within said bed. 

According to an embodiment which is not shown, it is also 
foreseen that the tubes for drawing off or supplying the 
heat extends helically about a central collector for the 
outlet of the reacted gases from the. reactor. 

In particular, the bundle of helicoidal tubes extends 
vertically between opposed upper and lower tube plates, 
wherein such tubes are twisted round each other. 

It shall be noticed that helicoidal arrangements for the 
tubes for drawing off or supplying heat are known also in 
the isothermal reactors provided with axial catalytic bed. 
See for instance US-A-4 339 413 and US-A-4 636 365. 

Although advantageous under certain aspects (for example, 
the radial arrangement of the catalytic bed allows to 
obtain in an easy and cost-effective way higher production 
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capacities with lower pressure drops and lower energy 
consumption than with an axial bed) , the isothermal reactor 
with an helicoidal tube bundle disclosed in DE-A-3 318 098 
has a number of drawbacks, which are set forth hereinbelow. 

First of all, the arrangement of the tubes as a helicoidal 
tube bundle - although better than the arrangement of 
vertical straight tubes - does not match effectively the 
temperature curve of the flow of gaseous reactants that 
pass through the catalytic bed with a radial motion. 

in fact, the gas flow flowing perpendicularly with respect 
to the vertical extension of the helicoidal tubes, comes in 
contact - passing through the catalytic bed - with 
different tubes at different temperatures, and this causes 
a low heat exchange efficiency between the gaseous 
reactants and the cooling or heating fluid. 

in other words, in case of an exothermic reactions with the 
gaseous reactants that flow in centripetal radial motion 
through the catalytic bed, the outer helicoidal tubes are 
crossed by a gas that has just started to react, and is 
thus relatively cold, whereas the helicoidal tubes which 
are closer to the core are crossed by a gas at higher and 
higher temperature that exchanges with them an ever 
increasing amount of heat until a point is reached, where 
the temperature of the reaction gas is at its maximum. From 
there on, the temperature decreases and hence the amount of 
heat which is absorbed by the helicoidal tubes arranged 
next to the gas outlet wall of the catalytic bed is 
progressively smaller, (see DE-A-3 318 098, fig. 3). 

Therefore, each helicoidal tube receives a different amount 
of heat and must stand a different thermal load. This 
causes a bad distribution of temperature within the 
catalytic bed detrimental for the heat exchange efficiency. 
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For example, whenever hot water flows inside the tubes as 
cooling means, and it is transformed into steam, it is 
clear that each tube of a helicoidal tube bundle as 
suggested in DE-A-3 318 098, produces a different amount of 
steam. 

This implies relevant problems of control and feed/draw off 
for the cooling fluid at the tube plates, as well as a bad 
distribution of the water and of the steam inside said 
tubes . 

in this respect, it is- worth noticing how all the tubes of 
the isothermal reactor described in DE-A-3 318 098 are 
parallel to each other, that is to say they are fed from 
the same source and discharge at the same point. Hence the 
pressure drop available for each helicoidal tube is the 
same . 

in DE-A-3 318 098, the helicoidal tubes in contact with the 
gaseous reactants at low temperature are subjected to a 
small thermal load, which means a low degree of 
vaporisation of the water with ensuing low outlet velocity 

) and therefore high water flow rates (calculated as mass 
flow rates) . The helicoidal tubes in contact with the 
gaseous reactants at high temperature are instead subjected 
to a great thermal load, which means a high degree of 
vaporisation of the water with ensuing high outlet velocity 

5 and therefore low water flow rates (calculated as mass flow 
rates) . 

Therefore, when the reactor is operating, a situation 
occurs wherein the coils which undergo the greatest thermal 
load are those which are supplied with less water and are 
0 prone to have an ever increasing degree of vaporisation and 
an ever decreasing capacity of drawing off the heat. This 
brings to a far from optimum distribution of temperature 
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within the catalytic bed, in case of slightly exothermic 
reactions such as the methanol synthesis whilst in case of 
fast and strongly exothermic reactions such as the 
formaldehyde synthesis, this may even bring to a 
temperature sharp rise. 

Further on, the excessive vaporisation promotes the 
formation inside the tubes of deposits of residues present 
in the water to the detriment of the heat exchange 
efficiency of the tubes themselves. 

All these disadvantages are independent from the fact that 
the tubes are arranged at different distances depending on 
the profile of temperature of the gaseous reactants within 
the catalytic bed. 

A further disadvantage of the reactor according to the 
prior art is given by the high structural complexity 
deriving from the helicoidal arrangement of the tube bundle 
that requires high investment and maintenance costs. 

Further on, the provision of tube plates - which generally 
need to be very thick and hence expensive because of the 
difference of pressure between the. gaseous reactants and 
the cooling or heating fluid - is a constraint as far as 
the number of tubes which may be arranged is concerned, 
with ensuing further detriment of the heat exchange 
efficiency of the reactor. 

5 Because of these disadvantages, isothermal reactors for 
carrying out exothermic or endothermic heterogeneous 
synthesises with a radial catalytic bed and a helicoidal 
tube bundle have been indeed used quite seldom to date (and 
this is even more true for reactors with a vertical tube 

0 bundle), notwithstanding the ever increasing need felt in 
the field of having high capacity reactors. 
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Summary of the invention 

The problem underlying the present invention is that of 
providing an isothermal reactor for carrying out exothermic 
or endothermic heterogeneous reactions which is easy to 
realise, reliable and requires low investment and 
maintenance costs and allows to operate with low pressure 
drop, low energy consumption and with a high heat exchange 
efficiency between the reactants and the cooling or heating 
fluid. 

The aforesaid problem is solved, according to the 
invention, by a reactor of the above mentioned type, that 
is characterised in that said at least one tube for drawing 
off or supplying heat extends within said at least one 
catalytic bed along a plane substantially perpendicular 
with respect to the side walls of the bed. 

Thanks to the present invention, it is advantageously 
possible to realise - in an easy and cost-effective way - 
an isothermal reactor with a high heat exchange 
coefficient, to all advantage of the conversion yield and 
of the energy consumption. 

In fact, differently from the helicoidal tubes according to 
the prior art that extend from one end to the other of the 
catalytic bed in a direction substantially parallel with 
respect to the perforate side walls for the feed and 
extraction of the gaseous flow, according to the present 
invention each single tube for drawing off or for supplying 
heat extends along a plane within the catalytic bed 
substantially perpendicular with respect to the side walls 
for the passage of the reactants. 

In this way, the tube(s) is (are) advantageously arranged in 
a substantial ly parallel way with respect to the direction 
of crossing of the catalytic bed by the flow comprising 
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reactants . 

This means that each single tube is in contact with a same 
portion of reactants and matches advantageously all the 
heat variations, and hence the temperature profile, of such 
5 portion of reactants from the inlet to the outlet of the 
catalytic bed. 

By consequence, whenever within the catalytic bed(s) , a 
plurality of tubes is arranged according to the present 
invention, they all withstand the same thermal load. For 
10 example, in case of an exothermic reaction, with hot water 
as cooling fluid, all the tubes produce the same amount of 
steam (uniform distribution of the water and steam inside 
the tubes) . 

In other words, thanks to the present invention, each tube 
15 is able to draw off or to supply the same amount of heat 
and it is thus possible to obtain an optimum distribution 
of the temperature within the catalytic bed, also for 
strongly exothermic or endothermic reactions. This is to 
all advantage of the heat exchange efficiency of the 
20 catalytic bed and hence of the conversion yield inside the 
bed itself and of the respective energy consumption. 

With respect to the above described isothermal reactor with 
reference to the prior art, the reactor according to the 
present invention allows to recover or supply heat at a 

25 higher thermal level, with ensuing increase of the heat 
exchange efficiency and of the conversion yield. Or, again, 
the conversion yield being the same as for the prior art, 
the increase of the heat exchange efficiency permits to 
decrease the required catalyst volume, with ensuing savings 

30 in terms of space and investment costs. 

A further advantage of the present invention is that, when 
a plurality of tubes are arranged inside a catalytic bed. 
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these may all be fed from a same source as there are no 
control problems for the supply and extraction of the 
cooling/heating fluid, all the tubes being subjected to the 
same thermal load. 

5 Finally, it shall be noticed how the reactor according to 
the present invention is particularly easy to be realised 
and does not require tube plates, with ensuing relevant 
savings in terms of investment and maintenance costs. 

The features and the advantages of the present invention 
10 will become clear from the following indicative and non- 
limiting description of an embodiment of the invention, 
made with reference to the attached drawings. 

Brief description of the drawings. 

In such drawings: 

15 - Figure 1 shows a partial view in longitudinal section of 
an isothermal reactor for carrying out exothermic or 
endothermic heterogeneous reactions according to an 
embodiment of the present invention; 

- Figure 2 shows an enlarged schematic prospective view of 
20 a detail of the reactor of figure 1; 

- Figure 3 shows an enlarged schematic view in longitudinal 
section of a detail of the reactor of figure 1; 

- Figure 4 shows a schematic view in cross section of a 
coil tube at constant pitch for the passage of a cooling or 

25 heating fluid, of the type employed in the reactor of 
figure 1; 

- Figure 5 shows a schematic view in cross section of the 
tube of figure 4 at variable pitch; 

- Figure 6 shows a view in longitudinal section of an 



WO 00/76652 




PCT/EPOO/05470 



9 

isothermal reactor for carrying out exothermic or 
endothermic heterogeneous reactions according to a further 
embodiment of the present invention; 

- Figure 7 shows a schematic view in cross section of two 
coil tubes arranged side-by- side for the passage of a 
cooling or heating fluid, of the type employed in the 
reactor of figure 6; 

- Figure 8 shows a schematic view in cross section of two 
tubes arranged side-by-side for the passage of a cooling or 
heating fluid, according to a further embodiment of the 
pr e s ent invent i on . 

Detailed description of a preferre d embodiment 

With reference to figures 1-5, an isothermal reactor 
according to the present invention for carrying out 
exothermic or endothermic heterogeneous reactions is 
indicated in its whole with 1. 

The reactor 1 comprises an outer shell 2 of substantially 
cylindrical shape, inside which a catalytic bed is housed, 
generally indicated with 3. 

The catalytic bed 3 is delimited on its sides by opposed 
perforated side walls 4 and 5, for the inlet of a flow 
comprising reactants and for the outlet of a flow 
comprising reacted substances, respectively. 

Generally speaking, the substances which are fed to the 
reactor 1 for carrying out the exothermic or endothermic 
heterogeneous synthesises are in gaseous phase. 

Therefore, in the description below, with the terms: "flow 
comprising reactants" and "flow comprising reacted 
substances", it is intended to mean a flow of gaseous 
reactants and a flow of reacted gases, respectively. It is 
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anyway clear that the reactor according to the present 
invention might be employed also for reactions occurring in 
liquid phase or liquid/gaseous phase, respectively. 

in the example described hereinbelow, the perforated walls 
5 4 and 5 are hence gas permeable with respect to the inlet 
in the catalytic bed 3 of a flow of gaseous reactants and 
to the outlet of a flow of reacted gases, respectively. 

The catalytic bed 3 is further delimited in its lower part 
by an unperf orated bottom (not permeable to gases), that 
10 corresponds in the example of figure 1 with the bottom 6 of 
the reactor 1, and in its upper part by a perforated wall 7 
(gas permeable) for the passage with axial motion through 
the bed 3 of a minor portion of the gaseous reactants. 

in order to allow a correct axial-radial crossing of the 
15 catalytic bed 3, the radial part being preponderant with 
respect to the axial part, the side wall 5 has a small 
imperforated portion 5' (not permeable to gases) that 
extends from an upper end thereof. 

The wall 7 permeable to gases is anyway totally optional, 
20 featuring mainly the function of holding the catalyst (not 
represented in figure 1) inside the bed 3, so that it may 
be well left apart. 

Alternatively, whenever a merely radial crossing of the 
catalytic bed is required, a wall 7 is provided, which is 
25 not perforated or anyway not permeable to the gas . 

Both the catalytic bed of the radial type and, even in a 
more remarkable way, that of the axial-radial type are 
particularly advantageous as they allow to obtain high 
conversion yields and at the same time low pressure drops 
30 for the gaseous reactants, by making use of more active 
catalysts of smaller granulometry . 
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Between the shell 2 and the side wall 4 there is provided 
an annular space 8 for allowing an optimum distribution and 
feed of the gaseous reactants in the catalytic bed 3 . To 
this end, the space 8 is in fluid communication with a gas 
inlet nozzle 9 . 

In turn, the side wall 5 defines inside it a duct 10 for 
the collection and ejection from the reactor of the flow of 
reacted gases. To this end, the duct 10 is in fluid 
communication with a gas outlet nozzle 11 and is closed on 
its upper side by a baffle 12 not permeable to gases. 

In order to allow the draw off or the supply of heat from 
or to the gases flowing inside the catalytic bed 3, so as 
to maintain the reactor 1 isothermal, the bed 3 is crossed 
by a plurality of tubes, which are all indicated by numeral 
13, for the passage of a cooling or heating fluid, 
respectively. 

The cooling or heating fluid is fed to the tube 13 through 
a duct 14 in fluid communication with one or more inlet 
nozzles 15, and extracted from the tubes 13 through a duct 
16 in fluid communication with one or more outlet nozzles 
17. 

The number of nozzles 15 and 17, respectively, (equal to 
two as far as the instant example is concerned) is chosen 
according to the cooling or heating fluid flow rate. 
Preferably, the more relevant such flow rate, the larger 
the number of outlet nozzles 15 and 17 . 

The duct(s) 14 are in fluid communication with the 
nozzle (s) (15) through a toroidal collector 14a, whereas 
the duct(s) 16 are in fluid communication with the 
nozzle (s) 17 through a toroidal collector 16a. 

According to a particularly advantageous aspect of the 
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present invention, the tubes 13 for drawing off or 
supplying heat, extend as a coil within the catalytic bed 3 
along a plane substantially perpendicular with respect to 
the side walls 4 and 5 thereof. 

In the following description and attached claims, with the 
term: " coil tube ", it is intended to mean a tube which is 
substantially curvilinear or provided alternatively with 
curvilinear and straight sections. 

In doing so, each tube 13 is crossed for all its length by 
a same portion of reactant gases, thus being able to follow 
all the thermal variations, and hence the temperature 
profile, of such gas portion from the inlet to the outlet 
of the catalytic bed 3. 

In addition, the tubes 13 formed as a coil along respective 
planes substantially parallel to each other, all undergo 
the same thermal load and operate hence in the same way. 

This results in an optimal distribution of the temperatures 
inside bed 3, without the risk of sharp temperature rises, 
and an efficient heat exchange between the gaseous 
reactants and the cooling or heating fluid to all advantage 
of the conversion yield and of the energy consumption. 

In the example of figure 1, the shell 2 is arranged 
vertically and the tubes 13 extend as coils within the 
catalytic bed 3 along a plane that is preferably 
substantially horizontal . 

Nothing prevents, anyway, from arranging the tubes 13 in a 
different way, for example in groups of tubes overlaid with 
respect to each other, which extend along vertical planes. 

In both instances, the tubes are perpendicular with respect 
to the side walls 4 and 5, as well as with respect to the 
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longitudinal axis 18 of the shell 2 in case of a vertical 
reactor, whereas they are substantially parallel with 
respect to the crossing direction of the bed 3 by the flow 
of gaseous reactants. 

5 it is clear, that within the scope of the present 
invention, there is also foreseen a reactor 1 comprising a 
plurality of catalytic beds 3, wherein the beds may be 
crossed by a variable number of tubes 13 (at least one) 
according to the exothermal degree of the reaction and/or 
10 the dimensions of the catalytic bed. 

In the scope of the present invention it is also comprised 
a reactor 1 comprising one or more catalytic beds crossed 
by the flow of reactants with mainly radial motion from the 
centre (duct 10) towards the outer periphery (space 8) . 

15 Still, according to a further, not shown, embodiment of the 
present invention, it is possible to foresee an outer shell 
of the horizontal type comprising one or more catalytic 
beds crossed by tubes for drawing off or supplying heat, 
that extend as coils along planes perpendicular with 

20 respect to the gas-permeable walls for the inlet and outlet 
of the gaseous reactants. In this case, as well, the 
perforated side walls of the catalytic bed(s) are parallel 
with respect to the longitudinal axis of the shell. 

The tubes 13 may be singularly connected to the nozzles 15 
25 and 17, and hence each tube 13 is connected to a feed duct 
14 and a duct 16 for drawing off the cooling or heating 
fluid, respectively. They may also be connected to groups 
of at least two tubes, i.e. to a duct 14 and a duct 16 for 
each group of tubes 13, or through a single duct 14 or 16, 
30 respectively, so that all the tubes 13 are connected to 
each other. 

Preferably, the tubes 13 are connected to each other - at 
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respective free ends - in groups of at least two tubes, 
each group being in fluid communication with a duct 14 for 
feeding and a duct 16 for drawing off the cooling or 
heating fluid, respectively. The various ducts 14 and 16 
are, in turn, in fluid communication with the nozzle 15 and 
with the nozzle 17, respectively. 

The connection between single adjacent tubes is 
accomplished by means of connecting pipes, all indicated 
with 19, as better shown in figures 2 and 3. 

In case of a plurality of ducts 14 and 16, these lead into 
the respective collectors 14a and 16a as well as into the 
respective tubes 13 preferably at an angularly offset 
position with respect to "each other. 

In the example of figure 1, the first and the last group of 
tubes 13 comprised in the catalytic bed 3are shown. 

The cooling or heating fluid is fed by means of respective 
ducts 14 in correspondence of one end of the lower tubes 13 
of each group, is made to pass through the tubes 13 of each 
group, wherein heat exchanges of the same entity take 
place, and finally drawn off by means of respective ducts 
16 from an end of the upper tubes 13 of each group. 

Alternatively, it is possible to provide for a crossing of 
the groups of tubes by the cooling or heating fluid in a 
direction downwards. In this case, the fluid is fed to the 
tubes 13 through the ducts 16 and is drawn through the 
ducts 14. 

It shall be noticed how the resulting construction is easy 
to realise and to operate, and how the provision of a tube 
plate is not required, with ensuing savings in terms of 
investment and maintenance costs with respect to the prior 
art . 
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The embodiment shown in figure 1 is more advantageous than 
the one wherein each single tube 13 is separately connected 
to the nozzles 15 and 17, particularly for long reactors 
which are provided with a lot of tubes 13. In fact, the 
number of ducts 14 and 16 is reduced (depending on the 
number of tubes 13 making up each group) . 

Further on, the embodiment shown in figure 1 is more 
advantageous than the one wherein all the tubes 13 are 
connected to each other, with the tubes at the respective 
lower and upper ends connected to a single duct 14 and 16, 
respectively, as there is a lower pressure drop for the 
cooling or heating fluid. 

On the other hand, the structure with all the tubes 13 
being connected to each other, is particularly easy to be 
realised, as it needs only one feed duct 14 and one drawing 
off duct 16 for the cooling or heating fluid. 

Preferably, the tube(s) 13 crossing the catalytic bed 3 for 
drawing off or for supplying heat are realised with a 
spiral -shaped coil as shown in figures 4 and 5. 

in fact, the spiral shape of tubes 13 has been found to be 
particularly advantageous both in terms of heat exchange 
efficiency and in terms of simplicity and flexibility of 
construction . 

The spiral -shaped tube 13 may adapt itself to the most 
varying dimensions of the catalytic bed 3, and in 
particular it is able to cover all the portions of the 
same, thus allowing an effective heat exchange to take 
place everywhere in the bed. 

Further on, according to the amount of heat to be drawn off 
or to be supplied, the spiral -shaped tube 13 may be 
realised with turns at a more or less close distance. 
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In the example of figure 4, the spiral tube is realised 
with a constant winding pitch, that is to say a constant 
distance between two adjacent turns. 

In this respect, particularly advantageous results have 
been obtained varying the winding pitch in accordance with 
the variation of the radius of the spiral, in such a way to 
adapt itself to the temperature profile of the gaseous 
reactants within the catalytic bed 3, following all its 
thermal variations . 

In this instance, shown in figure 5, the distance between 
adjacent turns varies in accordance with the variation of 
the radius of the spiral and, preferably, the winding pitch 
decreases as the spiral radius increases. 

In order to take into account in the best way the 
heterogeneous distribution of the flow of gaseous reactants 
in the catalytic bed 3, in particular for an axial-radial 
bed, the tubes 13 may be advantageously arranged at a 
varying distance between the planes of two adjacent tubes. 

In doing so, it is possible to adapt the distance of the 
tubes 13 according to the amount of ±t@at to be drawn off or 
to be supplied, in other words, following the temperature 
profile in the catalytic bed 3, to all advantage of the 
degree of heat exchange efficiency, which favourably 
affects the conversion yield and the energy consumption. 

According to this embodiment, not shown, it is possible to 
obtain a higher concentration of tubes 13 (smaller distance 
between the planes of two adjacent tubes) where a higher 
flow rate of gaseous reactants and hence greater thermal 
loads is to be found, and a lower concentration of tubes 13 
(larger distance between the planes of two adjacent tubes) 
where the flow rate is lower. 
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in figure 6 an isothermal reactor is shown, for carrying 
out exothermic or endothermic heterogeneous reactions 
according to a further embodiment of the present invention. 

in such figure, the details of reactor 1 which are 
equivalent to those illustrated in figure 1 from the 
structure and operation point of view, will be indicated 
with the same reference numerals and will not be described 
any more. 

in the example of figure 6, it is important to notice how 
in correspondence of a predetermined horizontal plane two 
tubes 13 arranged side-by-side are provided, as better 
shown in figure 7. Heat exchanges of equal entity take 
place inside the tubes 13 arranged side-by-side. 

All the tubes 13 of each series 20 and 21, respectively, 
are advantageously connected to each other by means of 
connecting pipes 19, so as to form two parallel series of 
tubes 13, generally indicated with 20 and 21. Further on, 
each series 20, 21 is connected by means of respective 
lower and upper tubes 13 to only one feed duct 14 and 
drawing off duct 16 for the cooling or heating fluid, 
respectively . 

in particular, the tubes 13 extend as a coil having the 
shape of an arc of a circle of increasing length from a 
central zone to a peripheral zone. 

The tubes 13 of each series 20. 21 may be of course 
arranged divided in groups inside the reactor of figure 6, 
such as in the example of figure 1. 

The main difference with respect to the example of figure 1 
is given by the fact that in such example each single tube 
13 extended along the entire section of the catalytic bed 
3, while now the tubes 13, which are arranged side-by-side, 
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would respectively take up a circular sector (half 
section) . This implies doubling the number of tubes and in 
case also of the cooling or heating fluid feed and drawing 
off ducts 14 and 16, respectively, as well as of the 
connecting pipes 19. 

This tubes arrangement may be well suited for extremely 
exothermic or endothermic reactions as it allows to have 
two feeds and extractions for the cooling or heating fluid, 
thus increasing the heat exchange efficiency. 

In this respect, arrangements with three or more coil- 
shaped tubes 13 arranged side-by-side in correspondence of 
a same horizontal plane may also be advantageously 
foreseen . 

In figure 8, a further embodiment is shown of the side-by- 
side tube arrangement. 

In this case, the two tubes 13 arranged side-by- side along 
a predetermined horizontal plane, comprise a first and a 
second tube portion (13a, 13b) having the shape of an arc 
of circle of different length arranged near a central zone 
of the bed 3 and a peripheral zone, thereof, respectively. 
Moreover, a plurality of third tube portions 13c connecting 
the second tube portion 13b with the first tube portion 13a 
are provided. 

Preferably, the third tube portions 13c are straight and 
extend radially from the second to the first tube portion. 

According to this embodiment, only one feed duct 14 and one 
drawing off duct 16 are required. Both ducts 14 and 16 are 
disposed in the central duct 10 and are in fluid 
communication with all the tubes 13 side by side. 

Tubes 13 of the type shown in figure 8 allow very good heat 
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exchange efficiency. In fact, in addition to the advantages 
set forth with respect to the tubes arrangement of figure 
7, the cooling or heating fluid flows within tubes 13 in 
substantial pure co- current or counter -current motion with 
respect to the flow of reagents gases within the catalyst 
bed 3, so as to improve the heat exchange efficiency. 

Moreover, the presence of the radially extending plurality 
of tube portions 13c allows to advantageously reduce the 
pressure drop of the cooling or heating fluid flowing 
through tubes 13 . 

The reactor according to the present invention may be 
advantageously employed for carrying out essentially all 
kinds of exothermic or endothermic reactions. In 
particular, examples of exothermic reactions that are well 
suited for being carried out with the present invention may 
be: methanol, ammonia, formaldehyde, organic oxidation (for 
example ethylene oxide), whereas, examples of endothermic 
reactions may be: styrene and methylbenzene . 

Fluids such as hot water, that transforms into steam at a 
high thermal level, or melted salts or diathermal oils are 
preferably used for drawing off the heat (in case of 
exothermic reactions) . Analogous fluids may also be used 
for supplying heat in case of endothermic reactions . 

The operation of the reactor 1 for carrying out exothermic 
or endothermic reactions according to the invention is 
described hereinbelow. 

It shall be noticed how the operating conditions of 
pressure and temperature of the gaseous reactants fed to 
the catalytic bed 3 as well as those of the cooling or 
heating fluid passing through the tubes 13 are those 
conventional for the specific kind of reaction intended to 
be carried out, and therefore will not be described in 
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specific detail in the description below. 

As an example, only the operating conditions for the 
methanol synthesis are given: synthesis pressure 50-100 
bar, synthesis temperature 200-300 °C, pressure of the 
steam generated 15-4 0 bar. 

With reference to figure 1 # a flow of gaseous reactants is 
fed to the catalytic bed 3 through the gas inlet nozzle 9 
and flows inside it through the perforated walls 4 and 7 . 
The catalytic bed 3 is then crossed with a mainly radial 
(axial -radial) motion by the gaseous reactants that react 
when they enter in contact with the catalyst. 

The heat developed during the synthesis reaction or 
required for carrying out such reaction is respectively 
drawn off or supplied by a fluid passing through the tubes 
13. 

Such fluid is introduced into the reactor 1 through the 
nozzle 15 and fed to the lower tubes 13 of each group 
through the ducts 14. Then it passes through the tubes 13 
of each respective group that are connected in 
correspondence of their free ends, by connecting pipes 19, 
it is drawn off from the upper tubes 13 of the respective 
groups through the ducts 16 and evacuated from reactor 1 
through the gas outlet duct 1 . 

Finally, the flow of reacted gases obtained in the 
catalytic bed 3 leaves the latter through the perforated 
wall 5, is collected in the duct 10 and then ejected from 
the reactor 1 through the gas outlet duct 11. 

The operation of the reactor 1 of figure 6 is analogous to 
that of figure 1, with the exception that the cooling fluid 
contemporaneously flows through two series 20 and 21 of 
tubes 13 arranged side-by-side. Further on, as the tubes 13 
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of each series are all connected to each other, the cooling 
fluid is fed through a duct 14 in correspondence of a lower 
tube 13 and goes up through all the catalytic bed 3 passing 
through the tubes 13 before going out from the upper tube 
13 in order to be drawn off from the reactor 1 through the 
nozzle 17 . 

Advantageously, it is important to notice that the tubes 13 
extend within the catalytic bed 3 along a plane 
substantially parallel with respect to the crossing 
direction of the catalytic bed by the flow of gaseous 
reactants . 

*** * *** 

From the above description, the numerous advantages 
achieved by the present invention clearly arise, in 
particular the provision of a reactor for carrying out 
exothermic or endothermic reactions which is easy to 
realise, reliable and requires low investment and 
maintenance costs, and at the same time allows to operate 
at a high conversion yield, low pressure drops, low energy 
consumption and with a high efficiency of heat exchange 
between the gaseous reactants and "the cooling or heating 
fluid. 
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CLAIMS 

1. Isothermal reactor for carrying out heterogeneous 
exothermic or endothermic reactions, comprising: 

- a preferably vertical, outer shell (2) of substantially 
5 cylindrical shape; 

- at least one catalytic bed (3) provided in the shell (2) 
and comprising opposed perforated side walls (4, 5) for the 
inlet of a flow comprising reactants and the outlet of a 
flow comprising reacted substances, respectively; and 

10 - at least one tube (13) passing through said at least one 
catalytic bed (3) for the passage of a cooling or heating 
fluid; 

characterised in that said at least one tube (13) extends 
within said at least one catalytic bed (3) along a plane 
15 substantially perpendicular with respect to the side walls 
(4, 5) . 

2. Reactor according to claim 1, characterised in that said 
at least one tube (3) extends within said at least one 
catalytic bed (3) along a substantially horizontal plane. 

20 3. Reactor according to claim 1, characterised in that said 
at least one tube (3) extends as a coil, preferably in the 
form of a spiral . 

4 . Reactor according to claim 3 , characterised in that said 
spiral -shaped coil has a winding pitch that varies in 

25 accordance with the variation of the radius of the spiral. 

5. Reactor according to claim 4, characterised in that said 
winding pitch decreases as the radius of the spiral 
increases . 
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6. Reactor according to claim 1, characterised in that it 
comprises a plurality of tubes ( 13 ) arranged in said at 
least one catalytic bed (3) at a variable distance between 
adjacent tubes (13) . 

5 7. Reactor according to claim 1, characterised in that it 
comprises a plurality of tubes (13) in said at least one 
catalytic bed (3) overlaid with respect to each other and 
connected in correspondence of respective free ends. 

8. Reactor according to claim 7, characterised in that said 
10 tubes (13) are connected to each other in groups of at 

least two tubes, each group being in fluid communication 
with a duct (14, 16) for feeding and drawing off said 
cooling or heating fluid respectively. 

9. Reactor according to claim 1, characterised in that at 
15 least two tubes (13) arranged side-by- side are provided in 

correspondence of at least one predetermined plane 
substantially perpendicular with respect to said side walls 
(4, 5) within said at least one catalytic bed (3) . 

10. Reactor according to claim 9, characterised in that 
2-0 said at least two tubes (13) arranged side-by-side extend 

as a coil having the shape of an arc of a circle of 
increasing length from a central zone of said bed (3) to a 
peripheral zone thereof . 

11. Reactor according to claim 9, characterised in that 
25 said at least two tubes (13) arranged side-by- side comprise 

a first and a second tube portion (13a, 13b) having the 
shape of an arc of circle of different length arranged near 
a central zone of said bed (3) and a peripheral zone 
thereof, respectively, and a plurality of third tube 
3 0 portions (13c) connecting said second with said first tube 
portion (13b, 13a) . 



WO 00/76652 



3/7 



PCT/EP00/05470 




Fig. 3 




Fig. 5 



WO 00/76652 



PCT/EP00/O547O 



21 



19- 

13« 



5/7 





DDDDDD 



<K X X FDD 



B3DEB3D 



CB X X X2D 



(XKXXXJ 



(X )f)( BHD 



Of X X ZED 



DDES XX) 



QpnnDD 



dddcb ><* 



IDDD1 »v 



DDI S » 



s 

12 




16a 











(W X X XX) 


-s 




(XKH X X) 






(X X X XHJ 





•wiiioifitit 




i 

5'- 



19 
I 



19—- 
i 

i 

-19 

I 
i 

1Q. 

i 



DDDDDD 



( 5 X g S g ) 



16— -A 



qddddd 



DDDODQ 



DDDDDn 



aanaaa 



i g a g g » y 



DDDDDD 



DDDDDD 



dddddd: 



< X X X X X ) 



DDDi » »> 



CKXM K)Q 



(X S5DDD 



{XXX X X) 



DDDDDD 



DDDI m m 



DDDDDD 



4 
19 

~ 2 
-19 



-8 
19 




•20 



Fig. 6 




Fig. 7 




PIG. 8 



INTERNATIO 



* 



SEARCH REPORT 



A CLASSIFICATION OF SUBJECT MATTER 

IPC 7 B01J8/02 




No 



PCT/EP 00/05470 



According to International Patent Classification (IPC) or to both national classification ; 



I IPC 



B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by 

IPC 7 B01J 



classification symbols) 



Documentation searched other than minimum 



documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the intemabonai search (name of data base and, where practical, search terms used) 

EPO-Internal 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



A 
X 

A 
X 



DE 37 08 957 A (LINDE AG) 
6 October 1988 (1988-10-06) 
column 2, line 65 -column 4, 
column 5, line 17 - line 44 
figures 



line 5 



GB 391 444 A (BRITISH CELANESE LIMITED) 
page 3, right-hand column, line 94 - line 
122 

figures 1,2 

AT 362 397 B (ROBERT SCHOBER) 
11 May 1981 (1981-05-11) 
page 5, line 23 - line 35 
figures 7,8 

-/- 



1-6 

7-11 
1,6,9 

7,8 
1 

7-9 



I HI 



Further documents are listed in the continuation of box C. 



0 



Patent family members are listed in annex. 



• Special categories of cited documents : 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international 

filing date 

V document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

•O" document referring to an oral disclosure, use. exhibition or 
other means 

I TP" document published prior to the international filing date but 
later than the priority date claimed 



*T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

•X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

«Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art 

■a" document member of the same patent family 



Date of the actual completion of the international search 

3 August 2000 



Date of mailing of the international search report 

11/08/2000 



Name and mailing address of the ISA 

European Patent Office. P.B. 581 B Patentlaan 2 
NL-2280 HV Rijswijk 
Tel. (+31 -70) 340-2040. Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Authorized officer 



Stevnsborg, N 



Form PCT/ISA/210 (sooond GhMt) (AJy 1992) 



page 1 of 2 



INTERN ATI 



SEARCH REPORT 




In 



PCT/EP 00/05470 



| C(Contlnuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 1 


1 Categoiy ° 


Citation of document, with tndicatjon.wher© appropnate, of the relevant passages 





0E 855 258 C (IMPERIAL CHEMICAL 
INDUSTRIES) 

page 2, right-hand column, line 92 - line 

page 3, left-hand column, line 17 - line 
60 

page 3, right-hand column, line 114 -page 
4, left-hand column, line 23 
figures 1,2 

EP 0 534 195 A (BASF AKTIENGESELLSCHAFT) 
31 March 1993 (1993-03-31) 
abstract; figures 

US 3 663 179 A (DINSHAW D. MEHTA & EDWARD 
J. MILLER) 16 May 1972 (1972-05-16) 
the whole document 

W0 94 12274 A (SHELL CANADA LIMITED) 
9 June 1994 (1994-06-09) 
abstract; figures 

ULRICH LAHNE & REINER LOHMULLER: 

"Schiittschichtreaktoren mit gewickelten 

Kuhlrohren, eine konstruktive 

Neuentwi ckl ung zur Durchfuhrung exothermer 

katalytischer Prozesse" 

CHEMIE. INGENIEUR. TECHNIK. , 

vol. 58, no. 3, 1986, pages 212-215, 

XP002124824 

VERLAG CHEMIE GMBH. WEINHEIM. , DE 
ISSN: 0009-286X 
the whole document 



1-10 



1-10 



1-10 



1-10 



1 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

Infoffiwtlon on patent family membdra 



Inf J^^&ppUcatJon No 

PCT/EP 00/05470 



Patent document 




Publication 


Patent family 




Publication 


cited in search report 




date 


n 


lemberts) 




date 


DE 3708957 


A 


06-10-1988 


ai Atir 

NONE 








GB 391444 


A 




NONE 








AT 362397 


B 


11-05-1981 


AT 


759076 


A 


15-06-1978 


DE 855258 


c 




NONE 








EP 534195 


A 


31-03-1993 


DE 


4131446 


A 


09-06-1993 | 








DE 


59203370 


D 


28-09-1995 








ES 


2075552 


T 


01-10-1995 








IP 

Or 




A 


12-10-1993 


US 3663179 


A 


16-05-1972 


DE 


2119127 


A 


04-11-1971 








FR 


2090510 


A 


14-01-1972 


W0 9412274 


A 


09-06-1994 


AU 


5563394 


A 


22-06-1994 








ZA 


9308618 


A 


04-08-1994 



Form PCT/ISA/210 (patent family annex) (Jiiy 1 092) 



